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Modern Alchemy: Discovery of transmutation, (Soddy 1901)

In 1901, twenty-four year-old chemist Frederick Soddy and
Ernest Rutherford were attempting to identify a mysterious
gas that wafted from samples of radioactive thorium oxide.
They suspected that this gas—they called it an
“‘emanation”—held a key to the recently discovered
phenomenon of radioactivity. Soddy had passed the
puzzling gas over a series of powerful chemical reagents,
heated white-hot. When no reactions took place, he came
to a startling realization. As he told his biographer many
years later....

Frederic Soddy

| remember quite well standing there transfixed as
though stunned by the colossal import of the thing
and blurting out- or so it seemed at the time:
“Rutherford, this is transmutation: the thorium is
disintegrating and transmuting itself into argon
gas‘. Rutherford’s reply was typically aware of
more practical implications,“For Mike's sake,
Soddy, don‘t call it transmutation. They‘ll have our
our heads off as alchemists“

*quoted in Pioneer, pp 83-84
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Simple radioactive decay..
Basic equation first identified by Rutherford
dQ/dt = -kQ (1)

Q 1s the number of atoms, Kk is the decay constant
(probability per unit time that a nucleus will decay):

k=1In2 /7
where 7 Is the half-live. Solution of Eq.1...
QM) =Q(0)e* or  Q(t) =Q(0) 2"
Activity..
A(t) =k Q(Y)
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Successive radioactive decay with branching and source terms

The differential equations governing
the above processes:

dQ,/dt = 8, — kg, - Oy,
dQy/dt = 8> + kg, 0, Q1 —kp, - Q2.

er/dI LS.' +]\(j 1.0 Qr 1 — kg)..- : Qr s
dQn/dI - Sn + k(_)” 1.0 " Qn 1 — kg):-l ‘ Qr s

iy Batainan, Soluticn of w system of differeatial apwations, stc. 423

The solubive of © Tystel ¢ defersntial egualiony ATV L
tu the theory g,f radio-gotive Baryfmaiions. By H. Buiyewan,
M.A. Trinity College:

[#ead 8L Februwry 1820

L It by beew shown by Pucf Buthexfood ® shat the smousis

of the priwoary substance and the different peeducts in a given

uanvity of radiv-active maller vacy according o che systam of
ll’femut.isl equations,

, doneto the nunber of atoms of tae primary
ive products which an: preseat &t f2ne &
s worked oub tha varions cases . whick
bduels o addition to the primscy sabatance,
ght a3 if the rasulte may {le oxtendei to any
ithzut mach iabour. !
straightforvacd wmethod is unsymmetrizal
bhe resuits of the celeulatisns ara veeded i
g which sxe being carried on in radio-acliviby
ht it worth while te publizk & simpls and
I obteinivg 1ae required forzwlon.
' & sat of avxiliary quantitics piz), ¢ (&),
o: & vanable £ ard conuested with the

R (£), ... by the eguations.

pe= f = P ), gid= |
L] 'L

e™Qinar .. (2)
It is pasily seen thas
)'r«‘i it = — 1{0) +mJMr" Pit)de.... .. 3
4 af [

= — P, +2p,
* Rwliz-aokety, Tud edition, p. 582,
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0; (0)e &

[T(k, -

r=j

Exact solution:

j=n-1

O, (1) = I_[ SNE 12—

First few terms...
Q)= Q,(0)e ™

0, () et Q0 (0)e
0y =k, 20— 2O¢e 7
A: — :{] "ﬂ'-l _ ;‘:

Q; (0)e ™1 Q, (0)ye !
ko — k1) (ks — k) (h—fa’z)(k;—f\'z_}

Q1 (D) e ™ }
(k) — k3) (ky — k3)
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Decay Tree Linear Chains
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Typical calculation...
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Exercises - Decay Engine++

1. At t=0 there are 10 Ci of Sr-90. What will be the activity of Y-90 after 5 years?
Ans. 8.87 Ci

2. What is the time required for the activity of Na-24 to diminish to 1% of its initial
value? Ans. 4.14 d

3. What initial mass of F-18 is required in order that there are 3 mg remaining after
16 hours?(1.39)

4. Calculate the activity of a TI-204 source today that was calibrated at 1 uCi on
Sept. 3, 1993. (30.2 nCi, 22 Oct. 2012)

5. What is the activity of a Rn-222 sample in an ore sample containing 3g uranium
(Rn-222 is produced by U-238) (37 kBg at 1e6 years)
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